Iranian spinach producers typically use local spinach landraces, which have good adaptability to local conditions, but their performance is very low compared with the highest global yields. Therefore, it is essential to conduct spinach breeding programmes for increasing its yield potential. Utilisation of the genetic potential of crop germplasm requires detailed knowledge about its genetic variation (Morelock and Correll, 2008) . Some investigations have been performed in the past on some Iranian spinach landraces collections, but most of them are limited due to use of only univariate statistical methods or collected samples from a limited geographical range (Benedictos, 1999; Asadi and Hasandokht, 2007; Eftekhari et al., 2010) . This investigation was undertaken to assess the genetic variability in spinach landraces collected from diverse agro-climatic conditions of Iran using several quantitative and qualitative PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 71 (2017) , No. 4 (709), pp. 307-310. DOI: 10.1515 /prolas-2017 The recorded qualitative traits were leaf texture (LT, 1 = smooth, 2 = slight crinkled, 3 = crinkled), seed type (ST, 1 = smooth, 2 = prickly), stem anthocyanin (SA, 1 = very low, 3 = low, 5 = intermediate, 7 = high, 9 = very high), petiole attitude (PA, 1 = erect, 2 = semi-spared, 3 = spared), vegetative leaf shape (VL, 1 = elliptic, 2 = broad elliptic, 3 = circular, 4 = ovate, 5 = broad ovate, 6 = triangular), reproductive leaf shape (RL, 1 = smooth, 2 = pointy); leaf edge (LE, 1 = smooth, 2 = rippler); leaf colour (LC, 1 = yellow-green, 2 = grey-green, 3 = blue-green); and seed colour (SC, 1 = yellow-green, 2 = grey-green, 3 = blue-green). Trait selection and measurement techniques were based on descriptors developed by Bioversity International (Anonymous, 2013) as well as the International Board for Plant Genetic Resources (Anonymous, 1991) . All of the traits had normal distributions, and thus no transformation was applied for the traits. For further analysis, a correlation matrix was used, which standardised the data, eliminating effect of parameters with different scales. Descriptive statistics such as means and coefficient of variation (CV) were determined. Principal components analysis (PCA) was used (Everitt and Dunn, 2010) and plots of the first two principal components were made. Although multiple correspondence analysis could be used instead of PCA, in any case, PCA is a more routine statistical analysis used by many authors (Dehghani et al., 2008; Eftekhari et al., 2010; Sabaghnia et al., 2011) . Also, due to simultaneously analysis of both quantitative and qualitative traits, using PCA is more practical (Manly, 2004) . The variance explained by principal components, communality (variance explained by each parameter and correlation coefficients between parameters and components were determined (Spencer, 2013) . The experimental data were statistically analysed using minitab version 16 (Anonymous, 2010) software.
PRINCIPAL COMPONENT ANALYSIS OF SOME QUANTITATIVE AND QUALITATIVE TRAITS IN IRANIAN SPINACH LANDRACES
The results of principal components analysis for quantitative traits are shown in Table 1 . The first four principal components (eigenvalues >1) explained 87% of the variation for spinach landraces. The first principal component extracted can be regarded as yield performance vector (Table 1). It had high loadings for fresh yield and dry yield traits, which were the related to yield characteristics. This principal component accounted for 51% of the total variation in quantitative traits of the spinach landrace data set. The second principal component was related to leaf properties and accounted for 15% of the total data variability. Among the spinach quantitative traits, this axis had high loadings for leaf width and leaf area traits. The third principal component was associated with petiole length and leaf numbers in the flowering vector (Table 1) and accounted for 11% of the total data variability. The fourth principal component had a high loading with days to flowering vector (Table 1) and accounted for 10% of the total data variability. Communality values for the measured quantitative traits of spinach are given in Table 1 , which showed that leaf width, petiole length, leaf area and leaf numbers in flowering traits explained the highest amounts of variance.
Principal components analys is for qualitative traits showed that the first five principal components explained 79% of the variation for spinach landraces and these components had eigen values >0.80 (Table 2 ). The first principal component was associated with plant colour, as it had high loadings for leaf colour and seed colour and accounted for 30% of the total variation in qualitative traits of spinach landraces. The extracted second principal component was related to leaf texture and accounted for 17% of the total variability. The third principal component was explained by leaf edge vector and accounted for 13% of the total variability. The fourth principal component was related to vegetative leaf shape ( principal component and accounted for 10% of the total data variability. The fifth principal component was associated with petiole attitude and accounted for 9% of the total data variability (Table 2) . Communality values of principal components analysis for the measured qualitative traits of spinach are given in Table 2 . The results indicated that vegetative leaf shape, leaf edge, leaf colour and seed colour traits had the highest communality and consequently the high relative contribution in for qualitative traits of spinach.
Relations of quantitative traits of spinach with the first two principal components contributing about 66% of the variance are shown in Figure 1 . The correlation coefficient between any two traits is approximated by the cosine of the angle between their vectors (Yan and Rajcan, 2002; Dehgahni et al., 2008) . The correlation coefficients among the quantitative traits with relatively large loadings on PCA1 or PCA2 axis were high. The most prominent relations indicated by Figure 1 are: a strong positive association between leaf width and petiole length; between leaf length and leaf numbers in flowering; and among fresh yield, dry yield and petiole diameter traits, as indicated by the small obtuse angles between their vectors (r = cos 0 = +1). There was a near zero correlation between days to flowering and leaf width and petiole length (Fig. 1) as indicated by the near perpendicular vectors (r = cos90 = 0). Scattering of some variables was expected as the first two PCAs accounted for d% of the total variation. Increased yield potential is an important goal for spinach breeders and progress in yield potential results from the progressive accumulation of genes conferring higher yield or elimination of the unfavourable genes through the breeding process. The present investigation showed that days to flowering and petiole diameter had strong relation with yield, suggesting the need to place more emphasis on these components for increasing the yield in spinach. The principal components analysis seems important, as the associated coefficients have relative magnitude consistent with breeding targets, and further work is required to compare multivariate methods with the aim of reaching actual gains.
The first two principal components of ordination of qualitative traits of spinach explained about half of the total variance (Fig. 2) . The most prominent relations shown in Figure  2 were: a strong positive association among vegetative leaf shape, stem anthocyanin, and reproductive leaf shape traits, as indicated by the small obtuse angles between their vectors (r = cos 0 = +1). There was a near zero correlation between leaf texture with seed colour; between leaf texture with seed type; between leaf edge with petiole attitude; between leaf texture with vegetative leaf shape, and stem anthocyanin and reproductive leaf shape traits as indicated by the near perpendicular vectors (r = cos90 = 0). There was a negative correlation between seed type with vegetative leaf shape, stem anthocyanin, and reproductive leaf shape traits as indicated by the angle of approximately 180 degrees (r = cos180 = -1). Some discrepancies between the plot predictions and original data were expected because the first two PCAs accounted for d% of the total variation. The statistical properties of PCA have been described in detail by some researchers (Dehghani et al., 2008; Sabaghnia et al., 2011) . The principal components analysis may allow the plant breeders more flexibility in finding the number of plants to be evaluated. The plant breeder can use multivariate methods by first determining the combination of traits that constitute an ideal plant. By plotting the principal components in a single plot that are considered to be important, plants close to the ideal plant can be selected (Yan and Rajcan, 2002) . This research was performed only for one growing season, and thus genotype-environment (GE) interactions maybe result in some discrepancies, but the results indicated that multidimensional methods can be sufficiently informative in choosing breeding directions.
In conclusion, investigated local spinach landraces collected from different geographical locations of Iran showed great variation with respect to yield potential and yield components. According to our results, petiole diameter and days to flowering maybe provide promising results for achieving high yielding cultivars. Hence these two traits should be used in breeding programmes to develop new spinach cultivars.
